QUANTUM ESTIMATES OF ALPHA EMITTER LIFE TIME. Quantum estimates of several alpha radioactive life time have been made using the probability of quantum tunneling through the nuclear potential barrier. It is assumed that for a given nucleus with mass number A and isotopic number Z, there exists an alpha particle moving freely back and forth in the nucleus with mass and isotopic numbers A -4 and Z-2. If the probability of penetrating the nuclear potential barrier is T , then after N times (N=1/ T ) hitting the barrier an alpha particle is emitted. To obtain the elapsed time for emitting an alpha particle requires N times 0 τ , where 0 τ is the time travel for alpha across the nuclear diameter, which is dependent on alpha energy. It is assumed here that this kinetic energy is the same as the emitted energy. The emitting alpha kinetic energies here are calculated by the difference of the masses of the parent and daughter nuclei and the alpha particles. They are in closed agreement with the experimental observations. While the alpha radioactive life time are not the same order of magnitudes but give the same linearity on the logarithmic scale as function of the inverse square root of energy.
INTRODUCTION
. There is an enormous range encountered in the life time of alpha emitters. It has been found empirically the correlation between the life time of the nucleus and the emitted alpha particle energy. Typically the energies of the emitted alpha particles ranging from 4 to 10 MeV [2] . The purpose of this study is to find the correlation function of the observed life time and the alpha energy , using a model of quantum tunneling within the nucleus. In this model , it is required to know the kinetic energy of alpha particle 'trapped ' in the nucleus.
For given alpha emitter nucleus with mass number A and isotopic number Z, m(A,Z) we can assume that the energetically emitted alpha particle has the kinetic energy equals to the mass difference of m(A,Z) and m(A-4,Z-2) +m(4,2) [3] . Data on nuclear mass have been tabulated in the nuclear data, meanwhile for practical purposes, we have here used the data listed by Elton [4] . Using this assumption, we got the energy estimates of the emitted alpha particles reasonably well fits the graph of Whichmann [2] .
In this study the liquid drop model [5, 6, 7] is also used to estimate the alpha emitted energy, but the error of the calculations are often greater than the precise values required. Hence, the values of nuclear mass are taken from the experimental data as for instance listed by Elton mentioned above.
THEORETICAL BACKGROUND
Quantum tunneling can be analyzed from the wave properties of particle. Consider a beam of alpha particle with energy E , traveling in a medium , in the form of a plane wave packet (represented by figure 1) incident on a potential wall, height V (x) and thickness dx. with the thickness dx.
Let divide the encounter into three regions, region I on the left is the region before encounter, region II, during the encounter and region III after encounter. In each region it follows the wave equations:
Region II : . This is the amplitude of the wave penetrating into region III. The probability of particle transmission is equal to the square of this magnitude. Therefore the probability of particle transmission is
If now 0 V is replaced by a Coulomb potential barrier in the form 
T T T
, so that the probability of the transmission is equal to .....
The integral can be performed remembering that 
Once T is known, then after N=1/T , alpha particle will appear, and the time taken for the alpha particle to have N times hitting the potential wall is considered to be the life time. (In this case the half life time).
Whichman [2] 
The time taken to oscillate back and forth in one shot within the nuclear potential is simply Again using the Radium isotope parameters mentioned above, and using a "standard" alpha emitter, From this last expression, one can see the linear relation between the logarithmic of the life time ( in second) versus the inverse square root of alpha particle energy (in MeV).
CALCULATIONS OF ALPHA ENERGIES
In the process of spontaneous alpha decay, the parent nucleus loses two protons and two neutrons, so that its mass decreases by four units and its charge by two units i.e. The kinetic energy of the alpha particle (neglecting the impact on the parent nucleus) is given by
The values of masses can be calculated from the formula derived from the liquid drop model [4] However the accuracy of this formula come to two significant digital numbers in milli mass unit, while the values of masses obtained from the experimental data can go to micro mass unit, as required in the calculations.
RESULTS AND DISCUSSIONS
In table 1 we have tabulated the values of nuclides that go alpha disintegration, indicated by its mass and atomic numbers, followed by their alpha energies . The calculation of alpha energy is compared to the observed values available from the data [6] . The formula given by (15) is actually a simplified where the variation in A and Z' are neglected. This is true because, the alpha emitters are all heavy nuclei, and the variation in A and Z' is small. Nevertheless , the variation I A and Z' can be included, and it is found the correction terms do not give significant improvement. Some results are numerically of the same order to the experimental values. Further study is being made as to what physical parameters should be introduced to improve the solutions. In fig 3, we present the theoretical plot compared to the data as also shown by Whichmann [2] . As can be seen from this plot, the circles are the actual observed data [10] . The theory predicts correlation of the logarithm of the half life ( as the ordinate) and the quantity E / 1 − abscissa, where E is the kinetic energy of the emitted alpha particle. These simple quantum estimates do not give good agreement with the experimental values, however the trend of dependence of half life on energy is correctly demonstrated. For the case of plutonium, the plot of theoretical calculations is relatively well fitted with the data values.
In the case of alpha decay for a number of uranium as parent nuclei, it is found empirically , that the half life versus energy, fits relatively well the observed data using an empirical plot given by
The last term in this expression contains the values of Z' and R ( the isotope number and radius of parent nucleus) experienced by the alpha particle as an average values, which are not the same as the model considered.
CONCLUSIONS
We conclude that the quantum estimates give the correct trend of plot for the correlation between the half life and the energy of emitted alpha particle. In particular for the 'plutonium series', the theoretical plot is relatively well fit the data, while for the 'uranium series' , a modified version is required to fit the data. This sheds a considerable light on the average potential experienced by the alpha particle inside the nucleus may different from the model to be considered. In the case of energy estimates, the calculation is based on energy conservation neglecting impact of the parent nucleus, giving relatively close agreement with the data available. 
